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ABSTRACT 
 
Novel solar panel using BPW41N Photodiode have been developed. The panel produced current of 714µA 
at 6.17V and 375µA at 8.60V using type A and B respectively. The combination of type A and B produced 
current of 395µA at 13.80V which is a 5.45mW solar panel. 
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INTRODUCTION: 
One of the earliest recorded observations of photovoltaic effect was made by Becquerel in 1939 while working 
with electrolytic cells.  This was followed by the discovery of Selenium and the preparation of element Silicon 
in 1817 and 1823 respectively by [1]-[4]. 
 
Further research of Adams and Day resulted in the discovery of the photovoltaic properties of Selenium in 1877 
and the development of Selenium solar cell in 1883 by [5]-[8]. 
 
The research efforts on the photovoltaic properties of Silicon based cells reached a turning point in the late 
1950’s when American Scientists successfully achieved solar energy conversion using p-n junction 
semiconductor. The p-n junction semiconductor was made by the refinement of impurity diffusion methods of 
p-n junction formation [9]. 
 
The production of cost effective and efficient solar cells from monocrystalline and polycrystalline 
semiconductor.  The best commercially available cells today are made from monocrystalline Silicon with 
efficiencies of around 15% [3]. 
 
The cost of solar modules is far outside the reach of the common man in Nigeria for instance, a 6 –watt module 
cost as much as N12, 000.  This cost is because the manufacturing process of the solar cells involves 
sophisticated technology.  For instance it involves the production and processing of Silicon wafers with a 
thickness in the range of 0.25mm to 0.35 mm [10]. In an inert atmosphere and under carefully controlled 
conditions such that the required high material quality can be achieved. Solar cell is precisely a p-n junction 
designed and normally connected to operate in the zero bias mode which is the photovoltaic mode [11], [12]. 
 
In a photovoltaic process energy is obtained by absorbing photons of light.  A photon is a material phenomenon 
which exhibits a wave particle characteristic.  It is practically a packet of light and has an amount of energy E 
that is a function of frequency f and wavelength	 [13]. 
                                          E = hf = ℎ/                                                                      1 
 
 
Where h is Planck’s constant f is the frequency c is the velocity of light,    wavelength 
                                         
                                          E = 		
.	

		(µ)
                                                                     2  
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A semiconductor of energy gap Eg will absorb photon with energy E if and only if E is greater than Eg. If the 
photon is less than the semiconductor energy gap, it will not be absorbed [7].  
The energy gap of a semiconductor decreases with increasing temperature [9]. The electron- hole pair generated 
in a semiconductor under illumination have only finite lifeline, T after which they will combine. 
This depend on the electron and hole densities and hence a function of the doping densities in a doped 
semiconductor. 
The idealized equivalent circuit of the photovoltaic cell consists of constant current source Iph, saturated current 
Is 
                               IL=  Is - Iph                                                                                                                                          3 
                                               =I(e
ev/kt 
 -1) – Iph                                                                                                                                                    4 
where Is  =I(eev/kt  -1) – Iph   is the diode saturation current, Iph is the carrier by solar radiation [9] and is called the 
photocurrent.
 
It was shown that by [14] that photocurrent is a function of light intensity.  Design and junction reflectively is 
given by  
                                   Jph=   Jn + Tp + Jdr                                                                                                                              5 
Where Jp is the current density due to the electron in the P-side of the function Jn is the current density due to 
the holes in n-side of the junction. 
Jdr is the current density due to the photo carrier in the depletion region. 
 
   I  = I(eev/kt  -1) – Iph 
 
                                     VOC  = 	


 ln( IL/Io + 1)                                                              6 
The photo current is proportional to incident light intensity while Voc has a logarithmic relationship with the 
photocurrent Iph. 
 
Photovoltaic cells theory of operation   
A photovoltaic process basically involves: 
i The absorption of light photons for the creation of electron - hole pairs within the bulk of the material 
device. 
ii The separation of the electron - hole pairs so generated to prevent recombination and self annihilation. 
iii The high mobility of the separated charge carriers that enables them to move freely through the device 
to the external contacts and hence through an external load to furnished away desired power. 
 
Solar cells are solar photovoltaic converters.  A solar cell is a metal-semi-conductor contact device.  The 
incident photons of solar radiation can lift electrons from the valency band to the conduction band. This is 
possible when E  ≤ hf, Eg is the band gap equal to (Ec – Ev) and hf is the photon energy.Ec is conduction band 
energy and Ev is the valency band energy. Photons with energy hf < Eg do not make any contribution Fg = E  is 
therefore threshold frequency for photon electron emission. If Fg can be lowered, more electrons will be 
energized enough to be raised from valency band to conduction band resulting in an increase in the efficiency of 
the solar cell. 
Solar cell models  by the real model of the solar cell, it is possible to predict the quantity of power which the cell 
can deliver and by studying the ideal model,it is possible to locate necessary improvement with a view  to 
produce more efficient cells.  An ideal solar cell is in parallel with constant current source in figure 1 resulting 
from the excitation of electrons in excess and drift of the excess across the schotlky barrier.  The current- 
voltage characteristics of the solar cell is given by  
 I = I0 (eev/kt  -1) – IL where I0 is the reverse saturation current and IL is the constant current source. 
 
                                   G                            
  
 Solar cel 
                                          
  
 
Fig. 1 ideal solar cell. 
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Fig.2 current – Voltage characteristics 
 
Three parameters are usually used to characterize solar cell output.  One of these is the short-circuit current, ISC. 
Ideally, this is equal to the light generated current IL.  A second parameter is the open-circuit voltage VOC. 
Setting I to zero in figure 2. 
                         I = I0 (eqv/kt–1) -  IL   
Gives, 
               VOC  = 	


 ln( IL/Io + 1)  


 ln( IL/Io)S                                             7 
Where  VOC is the open circuit voltage.  VOC is determined by the properties of semi-conductor by virtue of its 
dependence on I0.  The power output at any operating point in the fourth quadrant in figure 2 is equal to the area 
of the rectangle in figure 2.  one particular operating point (Vmp Imp) will maximize this power output.  The third 
parameter is the fill factor (FF) which is given as  
 
                             FF =   Vmp Imp / Voc Ioc                                                                                                                            8 
 
It is a measure of how “square” in shape the output characteristics are.  It is a function only of the open-circuit 
voltage VOC.  It has a value in the range of 0.7 to 0.85 and it is given by the relation,  
 
                                 FF = Voc – ln (Voc + 0.72)/Voc + 1                                                 9  
        
Optical efficiency is defined as the fractional solar radiation reaching the receiver and absorbed. The energy 
conversion efficiency  is given by  
 
                                 = Vmp Imp /Pin   =     Voc Imp FF / Pin                                                                                      10 
 
Where Pin is the total power in the light incident on the cell.  Saturation current density as a function of band gap 
is given by 
 
 I0 = 1.5 X 105 e(-Eq/KT)    A/cm2                                                 11 
 
The short -circuit current of solar cell is not strongly temperature-dependent.  It tends to increase slightly with 
increasing temperature.  This is attributed to increase light absorption, since semi-conductor band gaps generally 
decrease with temperature. 
 
 Isc = I0 (eqv/kT–1)                                                                                                                                                        12 
Neglecting the small negative term 
 
 Isc =ATγe-Ego/KTeqvoc/KT                                                                                                                                   13 
Uhuegbu C.C et al. / International Journal of Engineering Science and Technology (IJEST)
ISSN : 0975-5462 Vol. 3 No. 2 Feb 2011 1695
  
      
 Where           I0  = ATγe-Ego/KT 
 
A is independent of  temperature, Ego is the linearly extrapolated band gap of the semiconductor at zero 
temperature.  Making up the cell and  includes the temperature dependence of the remaining parameter 
determining I0.  Its value generally lies in the range of 1 to 4 with                                         Vgo = Ego/q.  
Differentiating we have  
 
dIsc/dT =ATγ-1eq((voc-vgo)/KT) +ATγq/KT dVoc/dT - ((voc-vgo)/T) - eq((voc-vgo)/KT)                                    14  
 
neglecting dIsc/dT in comparism with more significant terms, gives 
        
dVoc/dT = -vgo – voc + (KT/q)/T                                                                                   15 
 
This predicts an approximately linear decrease in Voc with increasing temperature values for silicon, Vgo=12V,  
Voc = 0.6V,  =3, T = 300K 
 
                                 d Voc / dT  = -12-0.6+0.078 / 300  V/C  = -2.3mV/oC 
 
This agrees with experimental results.  Hence for Silicon Voc decreases by 0.4%  per oC. The fill factor 
decreased with variation that of Voc.  This causes the power output and efficiency to decrease by 0.4 to 0.5% per 
oC. 
 
 
 
Methodology 
Basically two semiconductor devices were used in carrying out this work; power transistors  2N3055 and 
photodiodes BPW41N. The 2N3055 is a silicon epitaxial-Base planner NPN transistor that is mounted in a 
TO -3 metal case.  It is very well intended for power switching circuit, series and shunt regulators, output stages 
and for high fidelity amplifiers [15]. 
 
 
Fig. 3: Physical diagram of 2N3055 
 
The BPW41N is a high speed and high sensitive PIN photodiode enclosed in a flat side view plastic package.  
Its package is an IR filter, that is spectrally matched to GaAs or GaAs on GaAIAs IR emitter (λ=950nm).  It 
large area combined with the flat case gives it a high sensitivity at a wide viewing angle [16]. 
 
Below is a diagram showing how the device looks. 
The photodiodes are of two types (stock) although they have the same part number “BPW41N”. Hence the 
photodiode is divided into type A (stock A) and type B (stock B). 
 
 
Fig. 4: Physical diagram of BPW41N 
 
The following materials, pliers, bench vice, breadboard, digital multitude, Analog meter (micro ammeter and 
voltmeter), thermometer and connecting wire were used in this work. 
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The metal case covering the 2N3055 chips were opened using a plier while using the bench vice to securely hold 
the transistor in place. 
This was followed carefully by cleaning the opened surface with cotton wool soaked with alcohol, to clear off 
any dust particle that may have settled on the chip in the course of opening. 
The arrays of transistors were connected electrically in parallel and series.  
All the base terminals were connected to point A, while the entire emitter terminals were connected to point B.  
Between the point A and B a voltmeter and a micro ammeter were connected to monitor the change in voltage 
and current respectively as the circuit is exposed to sun light. Note that the collector terminal is left unconnected 
in the circuit. 
In the series connection, the emitter of one transistor is connected to the base terminal of the next transistor 
leaving out the base terminal of the first transistor and the emitter terminal of the last transistor as the end 
terminals. 
 
Connecting a voltmeter and a micro ammeter across point A and B as shown in fig.2, monitor the change in 
voltage and current with the change in the intensity of sun light radiation 
 
The photodiode BPW41N was connected in series arrangement. The cathode of the first photodiode was 
connected to the anode of the next photodiode. This process was followed until the anode of the first photodiode 
and the cathode of the last photodiode were left as the final output terminal where the voltmeter and the micro 
ammeter were connected to monitor the variation in the output voltage and current. 
 
RESULT 
 
  
Fig. 5 graph of voltage verse current 
 
 
Fig.6. graph of current verse time 
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Fig. 7 graph of temperature verse current 
Fig. 5 to fig.7 represent  the result for the combination of type A and B of    BPW41N photodiodes. 
 
 
 
Fig.8  graph of voltage verse current 
 
 
    
Fig.9   graph of current verse time 
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Fig.10. graph of temperature verse current 
 
Fig.8 to fig.10 represent result for type A of BPW41N photodiode. 
 
 
 
Fig.11. graph of voltage verse current 
 
                 
 
 
 
Fig.12. graph of current verse time 
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Fig.13.   graph temperature verse current 
 
Fig. 11 to 13  represent results for type B of BPW41N photodiodes. 
 
 
 
Fig. 14   graph of voltage verse current 
 
 
 
 
 
Fig. 15.graph of current verse time 
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Fig. 16 graph of temperature verse current 
 
 
 
 
 
Fig.17. Graph of temperature verse current 
  
Fig. 14 to 17 represents the results for SERIES connection of the power transistor 2N3055. 
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Fig. 18.   Graph of voltage verse current 
 
   
 
 
Fig. 19   graph of current verse time 
 
 
 
 
Fig. 20    graph of temperature verse current 
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45
0.5
333 180 123 125 490 151 325 227 443 123 125
V
o
lt
a
g
e
 (
V
)
Current (µA)
Series1
0
100
200
300
400
500
600
8.4 9 9.3 10 11 12 13 14 15 16 17
C
u
rr
e
n
t(
µA
)
24 Hour Time
Series1
0
10
20
30
40
50
60
333 180 123 125 490 151 325 227 443 123 125
T
e
m
p
.(
d
e
g
. 
C
e
ls
iu
s)
Current(µA)
Series1
Uhuegbu C.C et al. / International Journal of Engineering Science and Technology (IJEST)
ISSN : 0975-5462 Vol. 3 No. 2 Feb 2011 1702
  
 
 
 
 
 
Fig. 21    graph of current verse temperature 
 
Figs. 18 to 21  represent the results for PARALLEL connection of the power transistor 2N3055. 
 
DISCUSSION 
Figures 5, 8, 11, 14, and 18 are graphical representations showing the relationship between voltage and current 
produced when BPW41N photodiode and 2N3055 power transistors are respectively exposed to sunlight. 
 
It was observed from fig.5 and 8 graphs of voltage verses current that the combination of Type A and B of 
BPW41N photodiode generated a maximum of 395µA at 13.80V compared to 714µA at 6.17V generated by 
Type A and 375µA at 8.60V for Type B. 
 
Although Type A and B is a combination of the two different stocks of BPW41N photodiode, it generated less 
amount of current at a voltage higher than those of Type A and B separately connected. 
 
Type A photodiode of BPW41N generated greater amount of current  compared with the others. This implies 
that with large quantity of type A BPW41N, more current are likely to be generated. 
 
From figs. 14 and 18, greater amount of fluctuations were observed. The voltage generated was between 0.40V 
and 2.70V with current of 490 µA. This is low compared with Type A of BPW41N photodiode. 
 
Figures 7, 10, and 13 show the graphs of temperature against current for the BPW41N photodiode. It was 
observed that maximum current generated by type A, type B and combination of types A and B for the 
BPW41N occurred at temperature below 40oC. This implies that current generation by BPW41N is not 
dependent on high temperature. 
 
From figures 16 and 20 current was generated by 2N3055 at temperature close to 50oC. This current is less 
compared to that generated by BPW41N. 
 
Using BPW41N and 2N3055, maximum current was generated between 12noon and 1.00pm of each day 
indicating that at these stated time maximum solar radiation is being received. 
 
The BPW41N generated more current than the 2N3055 transistor because BPW41N is a PIN photodiode which 
has a wide depletion region called the intrinsic region width that enhances the generation of more photocurrent 
and BPW41N is designed in such a way that it has a high speed of response [17], hence it has prompt 
photocurrent generation. 
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CONCLUSION 
We have successfully developed a novel solar panel using BPW41N photodiode. The panel produced 714µA at 
6.17V and 375µA at 8.60V with type A and B of the BWW41N respectively. The combination of type A and B 
produced current of 395µA at 13.80V, which is 5.45mW solar panel. 
We conclude that more current could be produced if the number of the photodiodes are increased. 
The cost of the prototype is  N7, 350. It is  estimated that a 40W prototype panel will cost N175,000. Due to its 
high speed of response, at maximum solar radiation greater amount of photocurrent will be generated. 
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